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(57) ABSTRACT 

A delay circuit using MOS transistors for use of load 
capacitance Which produces a stable delay effect for varia 
tions in signal voltage is provided. A gate of a P-type MOS 
transistor for load capacitance and a gate of an N-type MOS 
transistor for load capacitance are connected to a signal line. 
A resistor and CMOS inverters are used to apply a boosted 
voltage higher than a supply voltage VDD to a source-drain 
of the P-type MOS transistor for load capacitance and a 
substrate voltage loWer than a ground voltage to a source 
drain of the N-type MOS transistor for load capacitance. As 
a result, a gate voltage range for allowing the MOS transis 
tors for load capacitance to have a capacitance is extended, 
and a stable delay effect is assured for a Widened variation 
of signal current ?owing on the signal line. 
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Fiq- 1 (PRIOR ART) 
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Fig. 2 (PRIOR ART) 
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Fig. 3 
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Fig. 4 
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DELAY CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a delay circuit 
using MOS capacitors, and more particularly to a delay 
circuit formed Within a semiconductor integrated circuit and 
capable of obtaining a stable delay effect even When signal 
voltage varies. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, When clock centering adjustment 
or signal timing adjustment is performed in a Wafer test step 
or a test step after assembly for a semiconductor integrated 
circuit, a MOS transistor for load capacitance is mainly used 
as a delay circuit. For example, a circuit used as the delay 
circuit is formed such that gates of a P-type MOS transistor 
for load capacitance and an N-type MOS transistor for load 
capacitance are connected to a clock line or a signal line, 
supply voltage VDD is applied to a terminal at Which a source 
and a drain are joined together (hereinafter referred to as 
“source-drain”) of the P-type MOS transistor for load 
capacitance and ground voltage VGND is applied to a source 
drain of the N-type MOS transistor for load capacitance. 
When a signal With an appropriate voltage is input to the 
signal line of this circuit, the MOS transistors act as capaci 
tors Which cause the signal current to be charged in the MOS 
transistors for load capacitance and thus to be outputted With 
a certain delay after the input. 

[0005] FIG. 1 shoWs an eXample of a conventional delay 
circuit. Signal line 10 is connected to a gate of P-type MOS 
transistor 3 for load capacitance and to a gate of N-type 
MOS transistor 4 for load capacitance. Source-drains of 
these MOS transistors 3 and 4 are connected to output 
terminals of CMOS inverters 5 and 6, respectively. In each 
of CMOS inverters 5 and 6, supply voltage VDD is applied 
to a source of a P-type MOS transistor, While ground voltage 
VGND is applied to a drain of an N-type MOS transistor. Fuse 
or resistor 8 is connected to an input terminal of CMOS 
inverter 5. Output terminal of inverter 7 is connected to input 
terminal of CMOS inverter 6, While input terminal of 
inverter 7 is connected to a fuse or resistor 8. 

[0006] In the aforementioned circuit, sWitching of the fuse 
or resistor 8 enables selection of voltages applied to the 
source-drains of MOS transistors 3 and 4 for load capaci 
tance through inverters 5 and 6. When certain voltages are 
applied to the source-drains of MOS transistors 3 and 4 for 
load capacitance, MOS transistors 3 and 4 for load capaci 
tance act as capacitances in accordance With the voltage of 
a signal on signal line 10 to produce a delay effect for the 
signal. 
[0007] The aforementioned delay circuit, hoWever, has a 
problem of a narroW range of signal voltages in Which stable 
load capacitances can be obtained. Such a tendency is 
signi?cant especially When the supply voltage is loW. More 
detailed description is hereinafter made With reference to 
FIG. 1. When fuse or resistor 8 is at a loW level, the voltage 
at the input terminal of inverter 5 is at a loW level, the P-type 
MOS transistor in inverter 5 is turned ON, and the N-type 
MOS transistor is turned OFF. Thus, the voltage at the 
source-drain of P-type MOS transistor 3 for load capacitance 
is at VDD. Since a signal through fuse or resistor 8 is 
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reversed at inverter 7, a signal at a high level is input to the 
input terminal of inverter 6. Therefore, the P-type MOS 
transistor in inverter 6 is turned OFF and the N-type MOS 
transistor is turned ON, and thus the voltage at the source 
drain of N-type MOS transistor 4 for load capacitance is at 
VGND ' 

[0008] When a threshold voltage of the P-type MOS 
transistor is Vtp and a threshold voltage of the N-type MOS 
transistor is Vtn, a gate voltage for alloWing P-type MOS 
transistor 3 for load capacitance to have a load capacitance 
is equal to or loWer than the voltage represented by VDD 
Vtp, While a gate voltage for alloWing N-type MOS transistor 
4 for load capacitance to have a load capacitance is equal to 
or higher than the voltage represented by VGND+Vtn. 

[0009] FIG. 2 shoWs ranges of gate voltages alloWing to 
have load capacitances: range 23 for alloWing P-type MOS 
transistor 3 for load capacitance, range 21 for N-type MOS 
transistor for load capacitance and range 22 effective for 
both P-type MOS transistor 3 and N-type MOS transistor 4 
for load capacitance. Gate voltages range 22 in Which both 
P-type MOS transistor 3 for load capacitance and N-type 
MOS transistor 4 for load capacitance have a load capaci 
tance is from VGND+Vtn to VDD-Vt}, The range is narroWer 
than the range of signal voltages When the latter extends 
from VGND to VDD. For this reason, a change in signal 
voltage may cause the inability to obtain a stable load 
capacitance value, leading to an unstable delay effect. Par 
ticularly, When the difference betWeen the supply voltage 
and the ground voltage is smaller, the range of gate voltages 
in Which both P-type MOS transistor 3 for load capacitance 
and N-type MOS transistor 4 for load capacitance have a 
load capacitance is further narroWed to present a more 
unstable delay effect. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in vieW of 
such a problem, and it is an object thereof to provide a delay 
circuit Which produces a stable delay effect even With 
changes in signal voltage. 

[0011] A delay circuit according to a ?rst aspect of the 
present invention comprises a P-type MOS transistor for 
load capacitance Whose gate is connected to a signal line and 
source and drain are connected to each other to make a 

source-drain, an N-type MOS transistor for load capacitance 
Whose gate is connected to the signal line and source and 
drain are connected to each other to make a source-drain, 
?rst poWer supply means for applying a boosted voltage 
higher than supply voltage VDD to a source-drain of the 
P-type MOS transistor for load capacitance, and second 
poWer supply means for applying a substrate voltage loWer 
than ground voltage VGND to a source-drain of the N-type 
MOS transistor for load capacitance. 

[0012] In this case, it is preferable that the delay circuit 
further comprises means for sWitching betWeen the boosted 
voltage higher than supply voltage VDD and a voltage equal 
to or loWer than ground voltage VGND as a voltage applied 
by the ?rst poWer supply means to the source-drain of the 
P-type MOS transistor for load capacitance, and means for 
sWitching betWeen a voltage equal to or higher than supply 
voltage VDD and the substrate voltage loWer than ground 
voltage VGND as a voltage applied by the second poWer 
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supply means to the source-drain of the N-type MOS 
transistor for load capacitance. 

[0013] A delay circuit according to a second aspect of the 
present invention comprises a P-type MOS transistor for 
load capacitance Whose gate is connected to a signal line and 
source and drain are connected to each other to make a 

source-drain, an N-type MOS transistor for load capacitance 
Whose gate is connected to the signal line and source and 
drain are connected to each other to make a source-drain, a 
?rst CMOS inverter having an output terminal connected to 
a source-drain of the P-type MOS transistor for load capaci 
tance, ?rst poWer supply means for applying a boosted 
voltage higher than supply voltage VDD to a higher potential 
side of the ?rst CMOS inverter and for applying a voltage 
equal to or loWer than ground voltage VGND to a loWer 
potential side of the ?rst CMOS inverter, a second CMOS 
inverter having an output terminal connected to a source 
drain of the N-type MOS transistor for load capacitance, 
second poWer supply means for applying a voltage equal to 
or higher than supply voltage VDD to a higher potential side 
of the second CMOS inverter and for applying a substrate 
voltage loWer than ground voltage VGND to a loWer potential 
side of the second CMOS inverter, and sWitching means for 
applying a voltage for controlling the operations of the ?rst 
and second CMOS inverters to the ?rst and second CMOS 
inverters to sWitch betWeen the voltage on the higher poten 
tial side and the voltage on the loWer potential side as 
outputs from the ?rst and second CMOS inverters. 

[0014] The sWitching means preferably includes an 
inverter having an output terminal connected to an input 
terminal of one of the ?rst and second CMOS inverters and 
applies a potential With a phase reversed of the other CMOS 
inverters. 

[0015] In addition, the sWitching means may employ the 
inverter and a fuse, or the inverter and a resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic diagram shoWing a conven 
tional delay circuit; 

[0017] FIG. 2 is a diagram shoWing a gate voltage range 
in Which MOS transistors for load capacitance have a 
capacitance to act as a capasitor in the conventional delay 
circuit; 
[0018] FIG. 3 is a schematic diagram shoWing a delay 
circuit in an embodiment of the present invention; and 

[0019] FIG. 4 is a diagram shoWing a gate voltage range 
in Which MOS transistors for load capacitance have a 
capacitance to act as a capacitor in the delay circuit of the 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] An embodiment of the present invention is here 
inafter described speci?cally With reference to the accom 
panying draWings. FIG. 3 shoWs a con?guration of the 
embodiment of the present invention. Buffer 1 and buffer 2 
for driving a signal current are disposed on the input side and 
the output side of signal line 10. A gate of P-type MOS 
transistor 3 for load capacitance and a gate of N-type MOS 
transistor 4 for load capacitance are connected betWeen 
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buffer 1 and buffer 2. A source-drain of P-type MOS 
transistor 3 for load capacitance is connected to CMOS 
inverter 5. Boosted voltage Vboot higher than supply voltage 
VDD is applied to a source of a P-type MOS transistor of 
CMOS inverter 5, While ground voltage VGND is applied to 
a drain of an N-type MOS transistor thereof. A source-drain 
of N-type MOS transistor 4 for load capacitance is con 
nected to CMOS inverter 6. Supply voltage VDD is applied 
to a source of a P-type MOS transistor of CMOS inverter 6, 
While substrate voltage VSub loWer than ground voltage 
VGND is applied to a drain of an N-type MOS transistor 
thereof. An input terminal of COMS inverter 5 is connected 
to resistor 8, and an input terminal of CMOS inverter 6 is 
connected to resistor 8 through inverter 7. 

[0021] NeXt, the operation of the embodiment is 
described. Resistor 8 serving as means for sWitching a load 
capacitance selecting potential sets a load capacitance 
selecting potential at a loW level. At this point, the input 
voltage to CMOS inverter 5 is at a loW level, the P-type 
MOS transistor in CMOS inverter 5 is turned ON, and the 
N-type MOS transistor is turned OFF. Thus, the voltage at 
the source-drain of P-type MOS transistor 3 for load capaci 
tance is at Vboot. Since a signal through resistor 8 is reversed 
at inverter 7, a signal at a high level is inputted to the input 
terminal of inverter 6. Therefore, since the P-type MOS 
transistor in inverter 6 is turned OFF and the N-type MOS 
transistor is turned ON, the voltage at the source-drain of 
N-type MOS transistor 4 for load capacitance is at Vsub. 

[0022] In this case, a gate voltage range for alloWing 
P-type MOS transistor 3 for load capacitance to have a load 
capacitance includes voltages equal to or loWer than the 
voltage represented by VbOOt—Vtp, While a gate voltage range 
for alloWing N-type MOS transistor 4 for load capacitance 
to have a load capacitance includes voltages equal to or 
higher than the voltage represented by VSub+Vtn. Thus, When 
the load capacitance selecting potential is at the loW level, 
both P-type MOS transistor 3 for load capacitance and 
N-type MOS transistor 4 for load capacitance have load 
capacitances to act as capacitors if signal voltages range 
from VSUb+Vtn to VbOOt—Vtp. 

[0023] NeXt, description is made for the operation When 
resistor 8 sets the load capacitance selecting potential at a 
high level. In this case, the input voltage to CMOS inverter 
5 is at a high level, the P-type MOS transistor in CMOS 
inverter 5 is turned OFF, and the N-type MOS transistor is 
turned ON. Thus, the voltage at the source-drain of P-type 
MOS transistor 3 for load capacitance is at VGND. A signal 
through resistor 8 is reversed at inverter 7, and a signal at a 
loW level is input to the input terminal of CMOS inverter 6. 
Therefore, since the P-type MOS transistor in CMOS 
inverter 6 is turned ON and the N-type MOS transistor is 
turned OFF, the voltage at the source-drain of N-type MOS 
transistor 4 for load capacitance is at VDD. 

[0024] In this case, a gate voltage range for alloWing 
P-type MOS transistor 3 for load capacitance to have a load 
capacitance includes voltages equal to or loWer than the 
voltage represented by VGND—Vtp, While a gate voltage 
range for alloWing N-type MOS transistor 4 for load capaci 
tance to have a load capacitance includes voltages equal to 
or higher than the voltage represented by VDD+Vtn. Thus, 
When the load capacitance selecting potential is at the high 
level, none of P-type MOS transistor 3 for load capacitance 
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and N-type MOS transistor 4 for load capacitance have load 
capacitances if signal voltages range from VGND to VDD, 
thereby presenting no delay effect for signals. 

[0025] Next, the effects of the embodiment are described. 
FIG. 4 shoWs a signal voltage range 12 effective for 
alloWing both P-type MOS transistor 3 for load capacitance 
and N-type MOS transistor 4 for load capacitance to have 
load capacitances in the embodiment, comparing With range 
22 in the prior art shoWn in FIG. 2. When the load 
capacitance selecting potential is at the loW level, the range 
of signal voltages for alloWing both P-type MOS transistor 
3 for load capacitance and N-type MOS transistor 4 for load 
capacitance to have capacitances r is from VSub+Vtn to 
VbOOFVtP, Which is Wider than the signal voltage range in 
the prior art by the voltage value represented by VbOOt—VDD+ 
VGND—VSub. Thus, the embodiment can produce a more 
stable delay effect for changes in signal voltage than the 
prior art. 

[0026] The aforementioned embodiment provides an 
eXample in Which inverter 7 is disposed betWeen CMOS 
inverter 6 and resistor 8 such that P-type MOS transistor 3 
for load capacitance and N-type MOS transistor 4 for load 
capacitance have load capacitances When the load capaci 
tance selecting potential is at the loW level. The present 
invention, hoWever, also includes a delay circuit in Which 
inverter 7 is disposed betWeen CMOS inverter 5 and resistor 
8 such that P-type MOS transistor 3 for load capacitance and 
N-type MOS transistor 4 for load capacitance have load 
capacitances When the load capacitance selecting potential is 
at the high level. 

[0027] While the embodiment employs a resistor as means 
for sWitching a load capacitance selecting potential, a fuse 
may be used. Another means Which can sWitch voltages 
applied to the input terminals of CMOS inverters 5 and 6 
may be used. When a resistor is used, a certain voltage is 
applied to the input side of the resistor to change the 
resistance value of the resistor, thereby selecting potentials 
applied to the input terminals of CMOS inverters 5 and 6. 
Alternatively, When a fuse is used, a high potential voltage 
and a loW potential voltage are applied to the input sides of 
tWo fuses, respectively, and the fuses are sWitched to select 
potentials applied to the input terminals of CMOS inverters 
5 and 6. 

[0028] The aforementioned embodiment provides an 
eXample in Which one P-type MOS transistor for load 
capacitance and one N-type MOS transistor for load capaci 
tance are used. The present invention, hoWever, also 
includes a delay circuit in Which a plurality of one or both 
of tWo types of transistors are used. 

[0029] In addition, the present invention includes a delay 
circuit in Which the gate structure of a transistor for load 
capacitance comprises a control gate and a ?oating gate as 
in a memory cell of a ?ash memory, and electrons are 
injected into or draWn from the ?oating gate to change a 
threshold voltage of the MOS transistor for load capaci 
tance, thereby controlling a gate voltage range for alloWing 
the MOS transistor for load capacitance to have a load 
capacitance. 

[0030] The present invention also includes a delay circuit 
in Which ions are implanted into a MOS transistor for load 
capacitance to change a threshold voltage of the MOS 
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transistor for load capacitance, thereby controlling a gate 
voltage range for alloWing the MOS transistor for load 
capacitance to have a load capacitance. 

What is claimed is: 
1. A delay circuit comprising: 

a P-type MOS transistor for load capacitance Whose gate 
electrode is connected to a signal line and source and 
drain electrodes are connected to each other; 

an N-type MOS transistor for load capacitance Whose gate 
electrode is connected to said signal line and source and 
drain electrodes are connected to each other; 

?rst poWer supply means for applying a boosted voltage 
higher than a supply voltage VDD to the connection of 
source and drain of said P-type MOS transistor for load 
capacitance; and 

second poWer supply means for applying a substrate 
voltage loWer than a ground voltage to the connection 
of source and drain of said N-type MOS transistor for 
load capacitance. 

2. The delay circuit according to claim 1, further com 
prising: 

means for sWitching betWeen said boosted voltage higher 
than said supply voltage VDD and a voltage equal to or 
loWer than said ground voltage as a voltage applied by 
said ?rst poWer supply means to said connection of 
source and drain of said P-type MOS transistor for load 
capacitance; and 

means for sWitching betWeen a voltage equal to or higher 
than said supply voltage VDD and said substrate volt 
age loWer than said ground voltage as a voltage applied 
by said second poWer supply means to said connection 
of source and drain of said N-type MOS transistor for 
load capacitance. 

3. A delay circuit comprising: 

a P-type MOS transistor for load capacitance Whose gate 
is connected to a signal line and source and drain are 
connected to each other; 

an N-type MOS transistor for load capacitance Whose gate 
is connected to said signal line and source and drain are 
connected to each other; 

a ?rst CMOS inverter Whose output terminal is connected 
to the connection of source and drain of said P-type 
MOS transistor for load capacitance; 

?rst poWer supply means for applying a voltage higher 
than a supply voltage VDD to a higher potential side of 
said ?rst CMOS inverter and for applying a voltage 
equal to or loWer than a ground voltage to a loWer 
potential side of said ?rst CMOS inverter; 

a second CMOS inverter Whose output terminal con 
nected to the connection of source and drain of said 
N-type MOS transistor for load capacitance; 

second poWer supply means for applying a voltage equal 
to or higher than said supply voltage to a higher 
potential side of said second CMOS inverter and for 
applying a substrate voltage loWer than said ground 
voltage to a loWer potential side of said second CMOS 
inverter; and 
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switching means for applying a voltage for controlling the 
operations of said ?rst and second CMOS inverters to 
said ?rst and second CMOS inverters to sWitch 
betWeen the voltage on the higher potential side and the 
voltage on the loWer potential side as outputs from said 
?rst and second CMOS inverters. 

4. The delay circuit according to claim 3, Wherein said 
sWitching means includes an inverter having an output 
terminal connected to an input terminal of one of said ?rst 
and second CMOS inverters and applies a potential With a 
phase reversed of the other CMOS inverter. 
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5. The delay circuit according to claim 3, Wherein said 
sWitching means comprise said inverter and a plurality of 
fuses. 

6. The delay circuit according to claim 4, Wherein said 
sWitching means comprises said inverter and a plurality of 
fuses. 

7. The delay circuit according to claim 3, Wherein said 
sWitching rneans ernploys said inverter and a resistor. 

8. The delay circuit according to claim 4, Wherein said 
sWitching rneans ernploys said inverter and a resistor. 

* * * * * 


